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The Effect of UV Irradiation and Packaging Type on Anthocyanin Content,
Antioxidant Activity and Microbial Population in Pomegranate Fruit
(cv. Malas Saveh) During Cold Storage
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Table 1: Some fruit properties and the number of bacterial and fungal colonies over 24, 48 and 72 hours after the culture
of pomegranate juice extract at the beginning of storage
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NA: Specific bacterial growth medium, PDA: Specific fungal growth medium
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Table 2: Analysis of variance of the effect of packaging and UV irradiation on pomegranate fruit (cv. Malas Saveh)
juice Anthocyanin content during storage
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Table 3: Mean comparison of the effect of packaging, UV irradiation and their interaction on pomegranate fruit (cv.
Malas Saveh) juice total Anthocyanin content (UM kg fruit FW) during cold storage

SN ey ole o Lo
Month after storage o
7 3 > 1 Treatments

21.29% 33.89% 23.91* 19.29° Py
20.53% 29.15% 32.10% 20.92% P,
25.85% 26.69% 23.16% 25.502 Ps3
23.53% 34.60% 29.55% 22.60% P4
21.46% 31.78% 25.32% 23.02% Uy
22.30% 30.172 28.57% 19.912 U,
24.64% 31.29% 27.66% 23.31% Us
16.86° 39.47% 26.25% 19.27% P1U;
20.112 31.89% 26.26% 21.90%¢ P1U,
26.91% 30.30% 19.24° 16.71° P1Us
20.39% 29.96% 28.92% 20.88™ P.U;
20.942 25.23% 30.21% 18.27¢ P,U,
20.25% 32.26% 37.19% 23.63%¢ P,Us
28.63% 27.34% 18.18° 31.77% PsU;
19.90° 24.36% 26.55% 15.86°¢ PsU,
29.04% 28.38% 24.77%® 28.88% PsUs
19.96° 30.38% 27.94%® 20.18% P,U;
28.26% 39.212 31.26% 23,623 PsU,
22.37° 34.212 29.44® 24,023 P,Us
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Means in each column having the same letters are not significantly different at the level of 5%. P1, P2, P3 and P4 indicate box without
gap containing non-polyethylene-covered fruits, box without gap containing polyethylene-covered fruits, box with gap containing

non-polyethylene-covered fruits and box with gap containing polyethylene-covered fruits, respectively. Ui, U2 and Us show UV
irradiated for 0.0 (Control), 5 and 15 minutes, respectively
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Table 4: Analysis of variance of the effect of packaging and UV irradiation on pomegranate fruit (cv. Malas Saveh)
juice Antioxidant activity during storage

Slayyo 5:55ke
Mean squares &9yl ax o Ol s aolie
ol obo ps obo pgs obe Js! ol df S.O.V.
4" month 3 month 2" month 1% month
111.70™ 67.59" 170.82" 39.93™ 3 Gk
Packaging
8.56™ 847.24" 378.12™ 18.39" 2 il 5
UV irradiation
39.40™ 278.07" 27.10" 16.81" 6 Gl P 57 X (S
Packaging x UV irradiation
160.03 234.96 43.60 58.59 24 alosl sl
Experimental error
15.10 23.39 10.21 1175 ; St pd

Ccv

ao 0 ) maw jo o s s oy B mhaw j0 lo giee i jlo Jixe e NS
ns: Non-significant, *: Significant at the level of 5%, **: Significant at the level of 1%
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Table 5: Mean comparison of the effect of packaging, UV irradiation and their interaction on pomegranate fruit (cv.
Malas Saveh) juice antioxidant activity (DPPH inhibition percentage) during cold storage

Sl 51 e olo e Ls
Month after storage Trea;mén te
4 3 2 1

88.33? 65.28? 62.61° 66.49° P
82.84% 69.42% 65.76% 64.15% P,
83.97° 64.04° 60.08° 67.21° Ps
79.83° 63.272 70.19° 62.65° P4
82.78% 63.65% 58.24° 63.70% U,
84.38? 74.68° 68.65° 65.93? U,
84.06° 58.18° 67.10° 65.75° U;
83.23% 58.46% 58.26% 65.50% P,U;
87.09° 74.26® 65.93%° 67.46° P.U,
94.68° 63.13® 63.65%° 66.52° P1U;
83.96% 63.01% 61.90% 61.18% P,U;
84.36% 79.84% 68.842¢ 65.46% P.U,
80.20% 65.44% 66.562° 65.83% P,Us
83.80a 56.59ab 50.06d 67.56a pP3Ul
84.94a 81.94a 63.50bc 69.53a P3U2
83.17a 53.60ab 66.68abc 64.55a P3U3
80.15a 76.58ab 62.75hc 60.57a P4U1
81.15a 62.69ab 76.31a 61.29a P4U2
78.20a 50.57b 71.51ab 66.09a P4U3
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Means in each column having the same letters are not significantly different at the level of 5%. P1, P2, P3 and P4 indicate box without
gap containing non-polyethylene-covered fruits, box without gap containing polyethylene-covered fruits, box with gap containing
non-polyethylene-covered fruits and box with gap containing polyethylene-covered fruits, respectively. Uz, Uz and Uz show UV
irradiated for 0.0 (Control), 5 and 15 minutes, respectively
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Table 6: Analysis of variance of the effect of packaging and UV irradiation on the number of bacterial colonies in
pomegranate fruit (cv. Malas Saveh) juice 72 hours after culture on NA growth medium during storage

Sl po (ks
Mean squares EXEESY Ol yasd 2ol
ol ole pys oo pso obs Jol ole df S.0V
4" month 39 month 2" month 1% month
27.92” 1.31m 13.25™ 7.79 3 S
Packaging
10.13" 0.90" 1.017 5.45™ 2 Sl 5
UV irradiation
48.14™ 1.27™ 26.58" 7.64" 6 SR 5 X Sy
Packaging x UV irradiation
367 0.57 2.42 0.61 2 ialejl stk
Experimental error
37.70 36.04 3358 20.88 . Sy g 2

Cv

a0 ) maw jo jlo giee s Gl Jxe yE NS
ns: Non-significant, **: Significant at the level of 1%
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Table 7: Analysis of variance of the effect of packaging and UV irradiation on the number of bacterial colonies in
pomegranate fruit (cv. Malas Saveh) juice 72 hours after culture on PDA growth medium during storage

Slayyo (Kileo
Mean squares &9yl ax o Sl s aolie
P)Lé:?. ols o ols ﬁgé ol.a Jj‘ oLo df S.0vV
4" month 3" month 2" month 1% month
025" 24.24" 452 0.92% 3 St
Packaging
0.01% 4.94% 17.76™ 0.39" 2 e 5
UV irradiation
042" 8.01" 5.60" 1.86™ 6 A 5 X Sty
Packaging x UV irradiation
0.02 2.46 2.86 0.46 24 elesl sl
Experimental error
4135 4631 35.38 35.43 - Sl o 52

Cv

o0 ) maw )0 jlo dme sk oy O mhaw jo o e s lo gee a8 NS
ns: Non-significant, *: Significant at the level of 5%, **: Significant at the level of 1%
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Table 8: Mean comparison of the effect of packaging, UV irradiation and their interaction on the number of bacterial
colonies in pomegranate fruit (cv. Malas Saveh) juice cultured on NA growth medium during cold storage

S5l s oo o s
Month after storage i
7 3 > 1 Treatments
61.10% 4.10% 13.66° 17.76° Py
9.43° 7.542 23.43° 6.10° P,
35.99%® 3.43° 39.992 3.98° P3
26.77° 5.21%® 19.54° 5.21° P4
51.77% 6.35° 22.35% 14.26° U,
27.68%® 4.26% 27.18% 4.01° U,
20.52° 4.60% 22.93% 6.51° Us
122.43% 4.76° 28.10% 42.10° P1U;
58.773¢ 2.10° 8.43¢%f 5.430d P.U;
2.10f 5.43%® 4.43 5,77 P1Us
6.77¢ 11.43% 40.10° 1.77% P,U;
5.10¢ 7.43® 23.10Qbcce 4.43% P,U,
16.43¢%f 3.76° 7.10¢f 12.10° P.Us
76.43® 3.10° 11,770 8.10™ PsU;
4.10° 5.10% 74777 1.43¢ PsU;
27.43¢% 2.10° 33.43% 2.43 PsUs
1.43 6.10% 9.43¢%f 5.10% P,U;
42,77 2.43° 2.43f 4.77% P,U;
36.10° 7.10® 46.77° 577> PsUs
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Means in each column having the same letters are not significantly different at the level of 5%. P1, P2, Ps and P4 indicate box without
gap containing non-polyethylene-covered fruits, box without gap containing polyethylene-covered fruits, box with gap containing
non-polyethylene-covered fruits and box with gap containing polyethylene-covered fruits, respectively. U1, U2 and Us show UV
irradiated for 0.0 (Control), 5 and 15 minutes, respectively
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Table 9: Mean comparison of the effect of packaging, UV irradiation and their interaction on the number of bacterial
colonies in pomegranate fruit (cv. Malas Saveh) juice cultured on PDA growth medium during cold storage

S ey ole o Lo
Month after storage o
7 3 > 1 Treatments
49.212 25.10? 23.322 4.43® Py
15.322 8.43° 22.32% 5.87% P,
11.542 24.66° 35.21° 3.54%® Ps
2.320 2.66° 17.88% 2.65° Py
35.52% 20.93% 35.77% 3.68% U,
11.272 14.35° 23.85° 3.60° U,
12.022 10.35° 14.43° 5.10° U;
131.43% 44.43* 38.43% 5.43° P,U;
14.77% 5.77% 22.43® 4.10° P.U,
1.43¢ 25.10% 9.10° 3.76° P1U;
2.43¢ 12.10% 45.10% 1.43° P,U;
25.43° 11.77* 12.77° 4.10° P.U,
18.10% 1.43¢ 9.10° 12.10° P,Us
5.43% 25.77% 32.43® 4.43P PsU;
3.10¢ 37.77% 53.43% 3.43° PsU,
26.10° 10.43% 19.77%® 2.76° PsUs
2.77¢ 1.43° 27.10% 3.43° PsU;
1.77¢ 2.10¢ 6.77° 2.76° PsU,
2.43¢ 4.43° 19.77%® 1.76° P,Us
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Means in each column having the same letters are not significantly different at the level of 5%. P1, P2, P3 and P4 indicate box without
gap containing non-polyethylene-covered fruits, box without gap containing polyethylene-covered fruits, box with gap containing
non-polyethylene-covered fruits and box with gap containing polyethylene-covered fruits, respectively. Uz, Uz and Uz show UV
irradiated for 0.0 (Control), 5 and 15 minutes, respectively
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Table 10: Analysis of variance of the effect of packaging and UV irradiation on the number of fungal colonies in
pomegranate fruit (cv. Malas Saveh) juice 72 hours after culture on NA growth medium during storage

Slas o (1 Sileo
Mean squares solyl ax o Sl e golice
ool ole py ole po ole Jsl oo df SOV
4" month 3" month 2" month 1% month
1.07™ 0.54" 317" 61.61™ 3 S
Packaging
041" 2.05" 6.46" 13.48" 2 AR 5
UV irradiation
127" 430" 5.29" 124.25™ 6 R 95 X Gty
Packaging x UV irradiation
0.12 035 0.37 3.70 24 el sl
Experimental error
3045 4178 47.42 4224 - Sl v
CV
o0 ) maw )0 o s ik oy B gmhaw jo o e i o giee a8 NS
ns: Non-significant, *: Significant at the level of 5%, **: Significant at the level of 1%
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Table 11: Analysis of variance of the effect of packaging and UV irradiation on the number of fungal colonies in
pomegranate fruit (cv. Malas Saveh) juice 72 hours after culture on PDA growth medium during storage

Sl pe (1 Sleo
Mean squares ol az o R OO S
|°)L€r> olo g olo ﬁ}‘l olo J5| olo df S.0.v
4" month 3" month 2" month 1% month
478" 1.07™ 179" 56.98" 3 Sy
Packaging
0.08™ 0.42" 2.38" 3.62 2 SRl 5
UV irradiation
1.90™ 154" 261" 141,59 6 e S
Packaging x UV irradiation
0.45 0.35 0.35 243 24 byl sl
Experimental error
4354 42.36 4053 33.72 - Slreed 2

Cv

o, ) maw )8 jlo Jixe s Gl S e NS
ns: Non-significant, **: Significant at the level of 1%
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Table 12: Mean comparison of the effect of packaging, UV irradiation and their interaction on the number of fungal
colonies in pomegranate fruit (cv. Malas Saveh) juice cultured on NA growth medium during cold storage

Golo,lal 51 e ole Lo Lo
Month after storage
7 3 5 1 Treatments
0.98™ 1.76 7.65% 33.99° Ps
2.54 443 0.32° 93.88° P,
0.43° 2.542 0.43% 2.32° P3
1.43% 1.54% 1.98° 33.10° P4
1.76° 3.85% 0.76° 67.85 U,
0.68° 2,93 0.26° 25.77° U,
1.60% 0.93° 6.76% 28.85% U,
0.43¢ 1.43° 0.43° 1.4¢ P1U;
0.76% 3.10° 0.43° 98.1° P1U,
1.76% 0.76° 22.10° 2.4° P1Us
6.43 12.43? 0.10° 262.8 P,U;
0.10% 0.43° 0.43° 1.1° P,U,
1.10% 0.43° 0.43° 17.8° P,Us
0.10% 0.10° 0.10° 2.8° PsU;
0.76% 743 0.10° 1.8¢ PsU,
0.43¢ 0.10° 1.10° 2.4° PsUs
0.10% 1.43° 2.43° 4.4° PsU,
1.10% 0.76° 0.10° 2.1° PsU,
3.10° 2.43° 3.43° 92.8° P,Us
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Means in each column having the same letters are not significantly different at the level of 5%. P1, P2, Ps and P4 indicate box without
gap containing non-polyethylene-covered fruits, box without gap containing polyethylene-covered fruits, box with gap containing

non-polyethylene-covered fruits and box with gap containing polyethylene-covered fruits, respectively. U1, U2 and Us show UV
irradiated for 0.0 (Control), 5 and 15 minutes, respectively
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Table 13: Mean comparison of the effect of packaging, UV irradiation and their interaction on the number of fungal
colonies in pomegranate fruit (cv. Malas Saveh) juice cultured on PDA growth medium during cold storage

SI0L80l my ole EIOW
Month after storage Treatments
4 3 2 1
0.54° 1.54° 4.98% 33.77° Py
4.54° 4.32 1.10° 86.10° P,
1.10° 0.98° 0.54° 2.88¢ P3
6.21° 1.76° 3.21%® 39.77° P4
3.85? 3.01° 443 62.02° U,
2.60° 2.18° 0.51° 27.77% U,
2.85° 1.26° 2.43%® 32.102 Us
0.76% 0.10° 13.76* 1.4% P.U;
0.10% 4.43° 0.10° 98.4° P1U,
0.76% 0.10° 1.10¢ 1.4 P1Us
9.76° 10.10% 1.43¢ 243.4% P,U;
0.76% 1.43° 1.10¢ 2.1« P,U,
3.10bce 1.43° 0.76° 12.8° P,Us
0.43° 0.10° 0.10° 1.1 PsU;
1.76%¢ 1.76° 0.10° 7.1% PsU;
1.10% 1.10° 1.43¢ 0.4 PsUs
4,432 1.76° 2.43° 214 PsU,
7.76% 1.10° 0.76° 3.4 PsU;
6.43%¢ 243 6.43° 113.8° P,Us
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Means in each column having the same letters are not significantly different at the level of 5%. P1, P2, P3 and P4 indicate box without
gap containing non-polyethylene-covered fruits, box without gap containing polyethylene-covered fruits, box with gap containing
non-polyethylene-covered fruits and box with gap containing polyethylene-covered fruits, respectively. Uz, Uz and Uz show UV
irradiated for 0.0 (Control), 5 and 15 minutes, respectively
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Table 14: Analysis of variance of the effect of packaging and UV irradiation on the visual quality of pomegranate fruit
(cv. Malas Saveh) during storage

Slarye (155keo 4z
Mean squares " Oy 2ol
ol ole pw olo pyo ole Jsl oo s3] S0V
mont| mont| mont| mont|
4" month 3¢ month 2 month 1% month of
1.16™ 072" 016" 235" 3 Sk
Packaging
0.10" 0.14™ 0.41™ 0.19™ 2 il 9
UV irradiation
0117 027" 0.19 0.81™ 6 GRS g X gy
Packaging x UV irradiation
0.09 0.08 0.14 0.76 24 ialojl sl
Experimental error
9.41 8.18 9.87 23.49 - Sl pd

Cv

o0 ) maw )0 o s P s )0 O maw )0 o pixe K ols S e NS
ns: Non-significant, *: Significant at the level of 5%, **: Significant at the level of 1%
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Table 15: Mean comparison of the effect of packaging, UV irradiation and their interaction on the visual quality of
pomegranate fruit (cv. Malas Saveh) during storage

G 5 ey obe

o Lo
Month after storage Treaim(;n s
4 3 2 1
3.06° 3.43° 3.612 3.13° Py
3.57° 3.86% 3.77° 3.58% P,
3.03° 3.34° 3.912 3.80% Ps
3.742 3.88° 3.88% 4.36° Py
3.28° 3.70% 3.72% 3.86% Uy
3.45° 3.50° 3.65° 3.62° U,
3.322 3.68° 4.00° 3.67° Us;
3.20bcd 3.86% 3.53° 3.63% P1U;
3.00¢ 3.10¢ 3.30° 2.43° P.U;
3.00¢ 3.330 4.00® 3.33® P,U;
3.20bcd 3.86% 4.00% 3.50% P,U;
3.86° 3.73%¢ 3.60° 3.63%® P,U,
3.66%¢ 4.00% 3.73® 3.63%® P,Us
3.00¢ 3.10d 3.53° 4,00® PsU;
3.10¢ 3.20% 3.86® 3.43® PsU,
3.00¢ 3.73%¢ 4.332 3.96% PsUs
3.73® 4.00* 3.83% 433 P,U;
3.86° 4.00% 3.86® 5.00% PsU,
3.63%¢ 3.66%* 3.96® 3.76% PsU;
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Means in each column having the same letters are not significantly different at the level of 5%. P1, P2, P3 and P4 indicate box without
gap containing non-polyethylene-covered fruits, box without gap containing polyethylene-covered fruits, box with gap containing
non-polyethylene-covered fruits and box with gap containing polyethylene-covered fruits, respectively. Uz, Uz and Uz show UV
irradiated for 0.0 (Control), 5 and 15 minutes, respectively
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The Effect of UV Irradiation and Packaging Type on Anthocyanin Content,
Antioxidant Activity and Microbial Population in Pomegranate Fruit
(cv. Malas Saveh) During Cold Storage

Esna-Ashari'", M., Fathi?, L., Ershadi® A. and Zafari?, D.
Abstract

Anthocyanin content, antioxidant activity and the bacterial and fungal colonies in pomegranate fruit juice as well as
visual quality of the fruits (cv. Malas Saveh) were evaluated through 120 days of cold storage (5+1°C). Four packaging
styles including gapped and closed wooden boxes with and without polyethylene fruit coverage, and three irradiation
treatments comprising 0.0 (control), 5.0 and 15 minutes UV (1.435W.m intensity) exposure time were applied.
Packaging and UV irradiation treatments had no significant effects on anthocyanin content, but the interaction between
these two factors was significant in this respect. Fruits with polyethylene coverage had the higher antioxidant activity
compared to the non-covered samples. In addition, the greatest antioxidant capacity was obtained from the 5 minutes
UV exposure time. Between the irradiation levels, the numbers of bacterial and fungal colonies were higher in the
control fruits than the two other treatments. Using polyethylene coverage considerably reduced the bacterial
contamination, while this increased the fungal infection, but irradiation of fruits greatly decreased the negative effect of
polyethylene coverage on fungal infection. Overall, UV irradiation significantly controlled fungal infection without
putting the negative effects on anthocyanin content, antioxidant activity as well as pomegranate fruit taste and flavor. In
addition, utilization of polyethylene coverage could keep the visual quality of pomegranate (cv. Malas Saveh) fruit in
cold storage.

Keywords: Polyethylene coverage, Bacterial and fungal colonies, Fungal rot, Fruit juice
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